Bandstructure and optical properties of α − LiIO3 crystal 3 waveguide is very promising because of the preservation for the novel nonlinear optical functions in the bulk. [8, 9] In addition, the developments of photorefractive devices in real-time holography, and image processing, also urgently demand the ultraviolet photorefractive property of α − LiIO 3 to improve resolution and storage capacity.
[10] With the analogous characteristics: high refractive index, excellent optical transmittance in the visible and near-infrared region, and high dielectric constant, the newly invented room-temperature ferromagnetic semiconductor, T iO 2 in anatase structure under a Co-doping [11] , has inspired the spintronic technology toward the magneto-optic and the optoelectronic applications. Thus presumably, the α−LiIO 3 crystal should have the potential to be developed as magnetically doped reformations or a associated substrate material in the same way. In spite of this material being invented very early, the theoretical study at First-principles level on the electronic structure and the optical transition is surprisingly very limited. The resulting characters of bandstructure can further guide the searching and the tailoring of new nonlinear optical materials.
The present First-principles calculations were performed by the full-potential linearized augmented plane wave (FLAPW) method of density functional theory defined by the local density approximation (DFT-LDA). [12, 13, 14, 15, 16, 17] Testing by the f-sum rule [18, 19] , the eigen-values and the momentum-matrix elements was verified to be valid to produce correct evaluations of optical properties. By virtue of the analysis of the bandstructure, the insights for the intra-band and inter-band transitions of the remarkable SHG property are discovered. The near-edge states dominating the optical transition were further analyzed. The conclusion of it supplies an useful scenario in the classical dipole-oscillation framework to understand the dielectric response of the α−LiIO 3 crystal. In order to comparing with the experimental results about the bandstructure, a simulation of the x-ray near edge absorption spectra was incorporated here.
On the calculation of optical functions, the timedependent perturbation of independent particle model at the long-wavelength limit was applied, in which the eigen states of quasi-particle were approximated as those given by the DFT-LDA. In addition, in a non-perturbative way the time-dependent DFT , allowing for the ab-initio calculations on electron in external electromagnetic fields, also solves the analogous problem, so it is able to capture the strong dynamic effect of system illuminated in the high power. [21, 20] On the other hand, the recently well-developed Berry phase method [22] can also directly simulate the macroscopic polarization at the ab-initio level to the external field effect. Due to a greater demand of the computation, so far they are more specified to the nonlinear optical simulations involved significant dynamic effect and the polarization in ferroelectric systems, respectively. However, the relation between the bandstructure information and the optical transi-tion mechanisms, directly inspiring the tailoring the electronic structure of materials, can be feasibly accessed by the perturbation method. Hence, plenty previous works applied it to calculate the dielectric and SHG tensors of transparent insulators. [23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33] So far comparing with experimental results, such a method makes good agreement for the dielectric response calculations.
The present article is outlined as follows. In Sec. 2, the implementation of the FLAPW method and the formalism for the dielectric response will be illustrated. In Sec. 3, the resulting bandstructure and the dielectric functions will be exhibited. The insights for the novel SHG property and the optical transition structure will be discussed. In Sec. 4, the comparisons with the experiments on the x-ray near edge absorption spectra, the refractive index at the static limit and the finite frequency will be given therein. Finally, a brief summary will be given in Sec. 5.
METHODOLOGY AND FORMALISM

FLAPW Method
The modified FLAPW method, 'APW+lo' [16] , was applied via the implementation of the WIEN2K code. [13, 14, 15, 16] The exchange-correlation potential functional was defined by the generalized gradient approximation (GGA) parameterized by Perdew and Wang [34] . The core and the valence states were respectively calculated relativistically and semi-relativistically. The muffin-tin radii were set to be 1.8, 1.83, 1.6Å for the Li, the I, and the O-atom, respectively. The expansions of associated Legendre polynomials for spherical harmonics of the wave function and of the non-spherical full-potential expansion were truncated at l = 10 and l = 4, respectively.
The parameter RK max was set to be 8. 
FORMALISM
In the independent particle model, the optical conductivity function σ is expressed as [35] 
where ω n is the energy of the n-th band; Ω denotes the volume of unit cell; ω is the photon energy, and p 
The Brillouin-zone integration are achieved by the irreducible points of special-point sampling [36] . The con-
vergence of the integration was tested. The error range was estimated to be at least less 0.1 percent by obtaining difference between two results given by the 12 × 12 × 11 and the 23 × 23 × 21 mesh, respectively.
RESULTS AND DISCUSSIONS
BANDSTRUCTURE
Firstly, the remarkable feature, all resulting bands within the range −6 to 0 eV always appear in a number of pairs slightly split from one degenerate state, is distinguish- 
In a state with inversion symmetry, the parity of any its physical expectation is even, so the intra-band momentum matrix element p mm vanishes due to the odd parity of the momentum operator. Contrarily, in a state without the inversion symmetry, a finite p mm exists for the opposite situation. The former causes the first order term in the expansion to vanish so to give a perfect parabolic band curvature; however, the later results a non-zero linear dependent energy-split added to the parabolic band.
The scale of p mm should be much less than theh∆ k, deduced from the resulting energy-split appearing to be very narrow. Then such a fine structure character can be viewed as the finger-print of the structural non-inversion symmetry of the α − LiIO 3 crystal. In fact, about the SHG the existence of finite p mm subjects the intra-band transitions [28, 29] , though prohibited in the optical transition, so the present work reveals the potential of this transition mechanism to generate certain contribution.
Secondly, there is a large energy-split around 10eV
resulted by the covalent bonding between the I-atoms and the ligand O-atoms according to the resulting LDOS, implies an extremely strong interaction associated with the bond forming. Actually it is even greater than the magnitude of the strong on-site Coulomb repulsion U in most of transition-metal or rare-earth atoms in the per-ovskite crystals [38, 39] , also widely applied as nonlinear optical materials [3] . Furthermore, the derived doublegap feature exhibited in the Fig. 2, separating however, those bands of surface localized states, unless they near the gap-edge, would be hard to give a significant impact. On the other hand, after all presumably the number of the bands from surface localized states is much less than that from near-edge valence states in the bulk, also make it not be a major role in SHG. Such concepts should be useful to figure out the novel nonlinear optical properties in the bulk still preserving in the nano-structured systems. [8, 9] The present calculation indicates the band gap as the type of allowed indirect transition. Based on the resulting LDOS, the permitted transition between the gapedge bands indeed occurs within each atomic muffin-tin sphere, according to the angular momentum and parity selection rules of the atomic spectroscopy. The obtained indirect type agrees with the previous experimental conclusion [40] . It is deduced for the sake of the directionality of the near-edge p-states tending to maximize the band dispersion at the Γ -point, and to minimize it at the zone corner. [41] The obtained gap value, 3.8 eV, is slightly less than the measured edge-onset, ≃ 4eV, in the absorption [42, 43, 40, 44] and the transmission spectrum [45] .
The test of the f-sum rule [18, 19] , This implies the obtained bandstructure and momentum matrix elements to be amenable to the following optical calculations.
DIELECTRIC RESPONSE
The resulting components of the dielectric tensor are exhibited in Fig. 5 . In fact, the resulting yy-component is It indeed gives an isotropic radiation on the xy-plane as the calculated result.
COMPARISON WITH EXPERIMENTS
The resulting X-ray absorption near edge spectra of the I-atom at the L I , and the L III -edge are shown in Fig. 6 . theory [46] , especially in the near edge regime. Such as the experimentally observed white line feature at the L I -edge, as well as the previously discovered pre-edge structure at the L III -edge were reproduced. However, the discrepancy at the L I -edge might be due to the resulting 5p-hybridization to be under-estimated.
The resulting refractive indices and the corresponding experimental results are listed in Table 1 . In fact, the adopted formula all are approximated at the longwavelength limit, so the most adequate comparison to the experimental data, to drastically rule out the local field and the dynamic effects, should be right at the is deduced to make certain influence to them.
The resulting dispersion of the ordinary n o and the extra-ordinary refractive index n e at finite frequencies are shown in the Fig. 7 . Generally, the present results perfectly match the frequency-dependent trend and give a consistent deviation with respect to the experimental measurements in the transparent regime. Some degree of discrepancy from the experiments might be the result of un-incorporations of the aforementioned non-local effect and the dynamic many-body effect, and the local field effect.
SUMMARY
The truth of the bandstructure and the validity of the momentum matrix elements given by First-principles cal- 
